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Abstract
This study proposed the application of cluster analysis to classify the brainwaves of stroke level based on the Relative Power
Ratio (RPR) techniques. RPR was performed to determine the brainwave characteristics due to group of stroke level. In this
research, we determined seventy four stroke patients brainwave activity with open eyes (OE) session. Then group them into
Advance Group (AG), Intermediate Group (IG) and Early Group (EG). Simultaneously, their Electroencephalogram (EEG) was
recorded from which the EEG dataset will be calculated using the RPR formula. Beta, Alpha, Theta and Delta Power Spectrum
Density (PSD) are used as input for RPR. The results show that by implementing RPR technique, the pattern of group stroke
level, especially in the cognitive or thinking abilities can be clearly observed. Then cluster analysis using a factorial ANOVA
(analysis of variance) design with factors Group will be deployed to cluster RPR towards the corresponding group of stroke 
level. It can be concluded that the AG are higher in the cluster 1 for RPR Beta (RPRB) while IG and EG were grouped together
because they do not differ from each other in cluster 2. For RPR Alpha (RPRA), EG are higher in the cluster 2 while AG and IG
were grouped together in cluster 1. AG was found in both clusters for RPR Theta (RPRT) and AG are lower in cluster 1 for RPR
Delta (RPRD). This indicates that the group stroke level can discriminate due to the brainwaves characteristics.
© 2013 The Authors. Published by Elsevier Ltd.
Selection and/or peer-review under responsibility of the Universiti Malaysia Sarawak
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1. Introduction
1.1. Stroke
Stroke is a global epidemic and leading cause of death and disability [1]. It is the second commonest cause of 
death worldwide, second only to ischaemic heart disease, and the third commonest cause of death in Malaysia [2].
The National Stroke Association of Malaysia (NASAM) showed that approximately 40,000 Malaysian people suffer
from stroke every year[3]. In fact, six new cases of stroke occur every hour in Malaysia [4]. Given our increasing
aging population, we may expect to see the numbers of stroke patients growing significantly in the future.
Strokes are divided into 2 types; ischaemic (80%) and haemorrhagic types (20%). Ischaemic stroke occurs as a
result of disruption of cerebral blood low secondary to a thrombus or embolus. Glucose is the obligatory energy
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substrate for the brain. As the brain derives its energy almost exclusively from the aerobic metabolism of glucose 
delivered by arterial blood, any disruption of blood flow will result in neuronal cell death.  
1.2. Electroencephalogram (EEG) 
Electroencephalograph is a non-invasive technique for recording the electrical activity of the brain. This activity 
can be detected by placing electrodes at various pre-determined points on the scalp which is then converted into a 
tracing [5-7]. The EEG data is analysed by examining the signal in a set of frequency bands, These frequency sub-
bands are usually defined as delta (1-4 Hz), theta (4-8 Hz), alpha (8-12 Hz) and beta (>12 Hz) [8-10].  Delta and 
Theta sub-bands are categorical as a slow wave with low frequency but high in amplitude. While Alpha and Beta 
sub-bands are categorical as a fast wave with high frequency and in low amplitude. Beta sub-band associated with a 
state of mental activity, in active thinking and concentration. Alpha sub-band associated with a state of relaxation 
and also in dominant close eyes condition. Theta sub-band represented a daydream, light sleep, emotional and stress 
and problems with attention, profound sleep whereas deep sleep are in delta sub-band in human activity [9]. The 
most frequent  findings consist of slow focal delta and theta activities or a decrease in background alpha rhythm 
[11].  
1.3. EEG in Stroke 
1.4. The EEG is a useful tool for acute stroke detection and monitoring affected brain tissue. It is because of its 
ability to detect ischaemia-related metabolic and ionic disturbances. The occurrence of EEG abnormalities in acute 
stroke is well documented[12]. The preliminary results from a small study suggested that qEEG can be used to 
monitor and predict stroke evolution and outcome [13]. Correlation between mood changes and the type, location 
and severity of stroke may provide useful information for improving patient management, including prediction and 
functional evolution [14]. Alpha activity indicated the neuronal survival in ischeamic region and good prognosis.  
The higher of the alpha power and the lower the delta power, the better the patients outcome [15]. Delta and alpha 
bands are the sign in recovery process [16].  
2. Method 
2.1. Subjects 
The EEG measurements were carried out at NASAM, Petaling Jaya, Selangor, Malaysia. The stroke patients 
were grouped into three groups depending for their progression score. There are advance group (AG), intermediate 
group (IG) and early group (EG). The patients will undergo several physical assessment carried out by NASAM to 
classify them into these three groups.  The subjects are categorical base on their dependency on staffs for carrying 
out their activities. Those who rely on staff to help them in 25% of their activities will be under AG. Those who 
require between 25% to 75% of help will be under IG and those require more than 75%, will be put under EG.  
Usually, those subjects under EG are wheel chaired.   
Table I shows the distribution of subjects used. 15 subjects were grouped under AG with 7 male and 8 female 
while 32 subjects were grouped under IG with 19 male and 13 female and 27 subjects were under EG with 3 male 
and 24 female. EEG data collection involved seventy four stroke patients with open eyes (OE) session.  Subjects are 
aging from 34 to 88 years with 28 males and 46 females. 
 
Table 1. Subjects distribution 
 
Group Level No. of subjects Gender 
  Male Female 
Advance (AG) 15 7 8 
Intermediate (IG) 32 19 13 
Early (EG) 27 3 24 
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The flow diagram of the methods that have been carried out for this research is shown in Fig 1. It consists of EEG
data collection, pre-processing, feature extraction analysis and brainwave sub-band characteristics evaluation.
Fig. 1. Flow diagram of methodology
Fig 2 shows the waveRider Mind Peak P-0609-5E022 EEG instrument electrode connection to obtain the EEG
signal by capturing and recording the brainwaves signals using the WaveWare program with 128Hz sampling
frequency and the filter settings were 0.5 to 30 Hz. Four point were selected according to the International standard
10-20 electrode placement system [9] by using a bipolar 2 channel. Channel A + and B + that used for right and left 
brainwaves and channel Ch A- and B- at the right earlobe and reference at point the left earlobe. Electrode
impedance was . 
Fig. 2. Electrode connection to obtain the EEG signal by using the WaveRider[17]
2.2. Data Collection and EEG Analysis
EEG data was processed to remove the artifact such as the eye blink contamination, baseline noise and power 
line interference. Non-EEG signal were removed by deleting the sampled data in all channels with more than 100 
μV  from voltage characteristics [18]. After that, the signals will be filtered into four sub-bands: Beta, Alpha, Theta,
and Delta band. Sample FFT signals for the four sub-band signals are shown in Fig. 3. It shows that the distribution
of each FFT signals shift progressively for the respective sub-bands. The amplitude spectrum for fast waves is lower 
compared to slow waves. The Welch technique and hamming windowing function was used to generate the power 
spectrum Density (PSD). The length of Fast Fourier Transform (NFFT) was selected at 1024 with a window size of 
256 and the window overlaps at 50%.
Pre-processing (Artifact removal and filter)
Data collection/Experiment (EEG raw data)
Feature extraction (PSD and Relative Power Ratio)
(RPR))
Analysis (Brainwave sub-band classification)




Fig. 3.(a) Single Side FFT signal signal for Beta, Alpha, Theta and Delta 
Relative Power Ratio (RPR) equation (1) has been applied to the PSD data.  Where, PL and PR are the PSD of 
the left and right band respectively. 
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2.3. Statistics 
The data used in this study were subjected to detailed statistical analysis using Statistical Package for Social 
Sc was 
Cluster Analysis (CA). CA was utilized to group the stroke level into cluster of similar statistical strength and to 
identify which variables were best enabled the given set of cases to be classed into groups. Then, analysis using a 
factorial ANOVA (analysis of variance) design with factors Group (AG, IG and EG) and comparisons between 
groups of stroke level were performed. Post hoc pair wise comparisons were implemented using Duncan test. 
Results were considered significant at a level of P <=0.05. 
3. Result and Discussion 
This section discusses the results from RPR, using the analysis of variance and Duncan ANOVA test to compare 
mean value within groups. Then, the means differences between brainwave sub-bands of group stroke level are 
illustrated for all the cases according the brainwaves characteristics. 
Table 2. ANOVA test for RPR beta, alpha, theta and delta sub-band 
Group Level Sum of squares Mean square F sig 
RPRB .010 .005 7.474 .001 
RPRA .004 .002 4.954 .010 
RPRT .006 .003 4.449 .015 
RPRD .002 .001 2.532 .087 
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Table 2 shows the output of the ANOVA analysis for RPR Beta, Alpha, Theta and Delta of 3  stroke 
level. There are significant in RPRB (p=0.001), RPRA (p=0.010) and RPRT (p=0.015), where the significant level 
are below than 0.05. Thus, there was a statically significant different between groups as identified by ANOVA for 
RPRB (F=7.474), RPRA (F=4.954) and PRRT (4.449). However there is no significant different for RPRD, where 
the significant level is 0.087 (p=0.087) and above 0.05. Duncan test ANOVA analysis revealed that RPRB, RPRA, 
RPRT and RPRD can be divided into different cluster of   stroke group level due to brainwave characteristic. 
Table 3. Homogeneous Subsets for groups in means 




AG - 0.2618 
IG 0.2310 - 
EG 0.2382  
RPRA  
AG 0.2318 - 
IG 0.2357 - 
EG - 0.2500 
RPRT  
AG 0.2550 0.2550 
IG - 0.2671 
EG 0.2465 - 
RPRD 
AG 0.2514 - 
IG - 0.2662  
EG - 0.2653 
 
 
                                     
(a)                                                                                                                 (b) 
 
                                
                                                       (c)                                                                                                                       (d) 
Fig. 4.(a) Means plot of stroke level for RPR  beta, alpha, theta and delta 
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Table 3 shows the mean of RPRB, RPRA, RPRT and RPRD with 2 clusters using Duncan method analysis and 
were different from each group due to the 
brainwave characteristic.  In RPRB, cluster 1 grouped IG & EG because they do not differ from each other. AG was 
slightly different and was found in cluster 2. While in RPRA, Clusters 1 is for AG & IG and cluster 2 for EG. For 
RPRD, Cluster 1 is for AG and cluster 2 for EG & IG.  AG were found in both clustered 1 and 2 in RPRT, means 
that the brainwave characteristic of AG were similar with IG and EG.   
Fig 4.(a), (b), (c) and (d) graphically displays the means plot for the three group of stroke level. The X axis 
represents the stroke level (AG, IG and EG). The Y axis represents the mean of RPR value. The means plot is an 
effective way to illustrate the mean differences.  
As illustrated in Fig 4(a), the means plot of RPRB shows that the AG mean value was the highest, while IG & 
EG means value were close approximately. Means that beta for IG and EG were in the same brainwave 
characteristic. Means plot of RPRA shows that the EG mean value was the highest. While IG & AG mean value 
were close approximately. Its means, EG stroke patient were more relax condition compared to AG and IG. Means 
plot of RPRT shows that, the AG mean value was in the between of IG & EG. Therefore AG was found for both 
clusters.  And, means plot of RPRD shows that, the AG mean value was the lowest. While IG & EG mean values 
were close approximately. Thus, AG presented with a decrease in RPRA and RPRD activities and increase in RPRB 
activities.  
4. Conclusion 
It has been shown above that RPRB, RPRA, RPRT and RPRD of stroke level can be divided into different 
cluster due to the brainwaves characteristic. Thus, RPRB, RPRA and RPRD were the significant sub-bands in the 
recovery process.  T come. This 
finding may be useful as an indicator for stroke patient to guide the effectiveness of rehabilitation and also the 
suitable treatment or rehabilitation process. 
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